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ABSTRACT 
A t h e o r e t i c a l  ion  focusing a n a l y s i s ,  l abo ra to ry  
t es t  d a t a  and sys  tern ope ra t ing  i n s t r u c t i o n s  a r e  
presented .  The ana lyzer  was designed as an  
atmospheric  c o n t r o l  sensor  f o r  manned closed 
environments.  
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SUMMARY 
The b a s i c  Langley Two Gas Atmosphere Sensor System was modified t o  include 
helium (m/e 4 )  and argon (m/e 40)  t o  i t s  monitoring c a p a b i l i t y .  The b a s i c  
ana lyze r  was designed t o  monitor water  (m/e 18) ,  n i t r o g e n  (m/e 28 ) ,  oxygen 
( m / e  32) and carbon d iox ide  (m/e 4 4 ) .  The s e n s o r ' s  i n l e t  system was modified 
t o  produce optimized performance a t  t h r e e  d i f f e r e n t  t o t a l  p r e s s u r e  cond i t ions  
requixed f o r  t he  rest program. 
An ou tpu t  monitor and c a l i b r a t i o n  assembly mounted i n  a p o r t a b l e  console was 
f a b r i c a t e d  t o  permit coritinuous v i s u a l  monitor ing of t he  s i x  ou tpu t  s i g n a l s  
and provide a s t anda rd  c a l i b r a t i o n  gas a t  s e l e c t e d  t o t a l  p r e s s u r e  l e v e l s .  
C o l l e c t o r  p o s i t i o n s  f o r  m / e  r a t i o s  of 18 through 44 had been p rev ious ly  de- 
termined by t h e o r e t i c a l  c a l c u l a t i o n s  us ing  s i m p l i f i e d  assumptions about the 
magnetic f r i n g e  f i e l d s .  These assumptions a r e  n o t  v a l i d  f o r  low m / e  r a t i o s  
s i n c e  these  p a r t i c l e s  spend most of t h e i r  time i n  the  f r i n g e  f i e l d  and a r e  
a f f e c t e d  i n  ways t h a t  cannot be adequately p red ic t ed  by t h e o r e t i c a l  c a l c u l a -  
t i o n s .  A numerical technique was developed t o  p r e d i c t  t h e  c o l l e c t o r  p o s i t i o n  
f o r  helium ( m / e  4 ) .  The a c t u a l  p o s i t i o n  of water (m/e 18) as determined i n  
t e s t  was used a s  a check of t he  numberical process .  
The technique u t i l i z e d  measured t h e  s t r e n g t h  of t h e  magnetic i nduc t ion  a t  
p o i n t s  i n  t h e  plane of t he  p a r t i c l e  t r a j e c t o r y  w i t h  a gaussmeter. Then t h e  
d i f f e r e n t i a l  equa t ions  of motion were solved f o r  t he  measured f i e l d  w i n g  
numerical  techniques and a d i g i t a l  computer. 
l o c a t i o n ,  
The method proved t o  be very 
. a c c u r a t e  and provided t h e  a c t u a l  l o c a t i o n  of helium (m/e 4 )  a t  t h e  p r e d i c t e d  
The l o c a t i o n  of t h e  m / e  44 and m / e  32 c o l l e c t o r s  and the  ang le s  a t  which the  
ion  beams e n t e r  t h e i r  r e s p e c t i v e  c o l l e c t o r s  had been determined duri-ng pre- 
v ious  c o n t r a c t s .  An e s t i m a t e  of the l o c a t i o n  of t h e  m / e  40 c o l l e c t o r  was ob- 
t a ined  by taking two-thirds  of t h e  d i s t a n c e  between t h e  m / e  32 and m / e  44 
c o l l e c t o r s  a s  t he  l o c a t i o n  of t he  m / e  40 c o l l e c t o r .  The m / e  40 ang le  was d e -  
termined s i m i l a r l y  as  two-thirds  of t he  d i f f e r e n c e  between the  m / e  32 and 
m / e  44 ang le  added t o  the  m/e 32 ang le .  A va lue  f o r  the m/e 40 beam width 
equal  t o  the p rev ious ly  determined m/e 44 beam width was  used. 
taken a s  a s a f e  upper l i m i t  because a c t u a l l y  t h e  m/e 40 beam width i s  smaller 
than t h e  m / e  44 beam width.  The m/e 40 c o l l e c t o r  s l i t  was chosen t o  be the  
same s i z e  a s  t he  m / e  44 col l .ector  s l i t  opening. 
This was 
The e l ec t rome te r s  f o r  the masses were chosen t o  g ive  a - 5 V  output  vo l t age  f o r  
t he  maximum i.on c u r r e n t  expected. 
The c a p i l l a r i e s  were designed u s i n g  d a t a  compiled from previous experience.  
The b a s i c  des ign  was then  modif ied,  i f  necessary,  i n  t he  l a b o r a t o r y  u n t i l  the 
d e s i r e d  ion source p re s su re  was obtained.  The mod i f i ca t ion  cons i s t ed  of cu t -  
t i n g  o f f  or  adding a piece of c a p i l l a r y  tubing.  
INTRODUCTION 
The goa l  of t h i s  c o n t r a c t  (NAS 1-8192) was t o  develop a system capable  of 
s imultaneously monitoring helium, water  vapor,  n i t r o g e n ,  oxygen, argon and 
carbon d iox ide  i n  a c losed  l a b o r a t o r y  cab in  atmosphere. It was assumed t h a t  
such a sensor  would form a n  i n t e g r a l  p a r t  of an  atmospheric c o n t r o l  loop. To 
ach ieve  t h i s ,  the Engineering T e s t  Model (ETM) of t h e  Two Gas Atmosphere Sen- 
s o r  System manufactured under Con t rac t  NAS 1-6387 was modified t o  include 
helium and water vapor.  
A b r i e f  resume of t h i s  sensor  system's  development i s  presented t o  t r a c e  the 
development of t he  ana lyze r .  The f i r s t  phase under Con t rac t  NAS 1-5679 was a 
s tudy  d i r e c t e d  toward t h e  s e l e c t i o n  of t he  type and c o n f i g u r a t i o n  of mass 
spectrometer  b e s t  s u i t e d  f o r  t he  t a s k .  A s i n g l e  focusing 90 magnetic s e c t o r  
instrument  was s e l e c t e d  based upon a computer op t imiza t ion .  The ion  source , 
t h e  support  e l e c t r o n i c s  and the  sample i n l e t  system were a l s o  thoroughly 
analyzed and t h e  prel iminary c o n f i g u r a t i o n s  e s t a b l i s h e d .  This e f f o r t  culmi- 
nated i n  a f i n a l  r e p o r t  which was completed i n  March of 1966. Later t h a t  
same yea r  Contract  NAS 1-6387 was awarded f o r  t he  second phase of the program. 
This covered t h e  d e s i g n ,  f a b r i c a t i o n  and tes t  of an  ETM and the f a b r i c a t i o n  
and t e s t  of four  f l i g h t  prototype u n i t s .  The f i r s t  p a r t  of t h i s  e f f o r t ,  
designated a s  Phase I I a ,  covered t h e  development and t e s t  of t h e  ETM. The ETM 
was s u c c e s s f u l l y  demonstrated a t  Langley Research Center i n  A p r i l  1967. 
The ETM was l a t e r  upgraded t o  f l t g h t  prototype s t a t u s  and t e s t e d  on the  
McDonnell Douglas Space Cabin Simulator  f o r  a per iod of 60 days. This t e s t  
demonstrated t h a t  t he  instrument  could func t ion  r e l i a b l y  f o r  an extended p e r i -  
od of t ime. During t h i s  t e s t ,  t he  instrument  was placed i n  c o n t r o l  o f  the 
oxygen and n i t r o g e n  p a r t i a l  p r e s s u r e s  and functioned i n  t h i s  c a p a c i t y  u n t i l  
i t s  completion. The Two Gas Atmosphere Sensor System demonstrated i t s  a b i l i t y  
t o  a c t  as the primary atmospheric monitor and measured the  p r i n c i p a l  c o n s t i -  
t u e n t s  of water, n i t r o g e n ,  oxygen and carbon d iox ide .  
Con t rac t  NAS 1-8192 was awarded t o  Perkin-Elmer Aerospace Systems t o  modify 
t h e  ETM f o r  t he  a d d i t i o n  of hel ium and argon c a p a b i l i t i e s .  
incorporated were: Changing the  f i l amen t  m a t e r i a l  t o  a m a t e r i a l  which has 
demonstrated g r e a t e r  l ongev i ty ,  adding monitored ou tpu t s  f o r  helium and argon,  
and repackaging the system t o  accomodate these  mod i f i ca t ions .  
c a p i l l a r y  and bypass atmosphere sampling assemblies  f o r  t he  d e s i r e d  sample 
p r e s s u r e  l e v e l s  were designed,  f a b r i c a t e d  and tes ted ' .  
The modif icat ions 
A d d i t i o n a l l y ,  
The b a s i c  ana lyze r  i s  furnished wi-th a l a b o r a t o r y  vacuum support  system, an 
output  monitor and a c a l i b r a t i o n  assembly. 
2 
The complete system i s  t o  be used du r ing  extended atmospheric monitoring t e s t s  
a t  Brooks A i r  Force Base, SchooPof  Aerospace Medicine, San Antonio,  Texas. 
2-Axis Focusing f o r  Mass 4 .  - An i n v e s t i g a t i o n  of t he  z-axis  focusing f o r  mass 
4 was needed i n  order  t o  determine i f  a p o r t i o n  of t he  ion  beam would be l o s t  
due t o  c o l l i s i o n s  w i t h  the  ana lyze r  wall. A deg rada t ion  of the beam i n t e n s i t y  
by l o s s e s  because of c o l l i s i o n s  w i t h  the ana lyze r  wal l  lowers t h e  s e n s i t i v i t y  
of t he  mass spectrometer  and g ives  a c u r r e n t  reading no t  i n d i c a t i v e  of t h e  
p a r t i a l  p re s su re  o f '  t h e  i o n i c  s p e c i e s .  
The z-axis  focusing of t h e  two gas sensor  c o n s i s t s  p r i m a r i l y  of two p a r t s .  
They a r e :  
a. Focusing due t o  focusing e l e c t r o d e  
b. Focusing due t o  f r i n g e  f i e l d  of magnet 
Focusing due t o  t h e  z e l e c t r o d e s  i s  independent of t he  mass of t he  ion. An 
a n a l y s i s  of t h e  focusing e f f e c t s  of t he  z e l e c t r o d e s  i s  found i n  the Langley 
Phase I1 F i n a l  Report .  
Z-axis focusing due t o  the  magnetic f r i n g e  f i e l d ,  of cour se ,  i s  mass dependent. 
The z-axis  focusing close-up f o r  mass 4 a c t s  t o  s p r e a d  (defocus) the ion  beam; 
whether z -ax i s  focusing i s  focusing o r  defocusing i s  dependent on the angle  
t h e  ion  beam makes w i t h  t h e  pole  f ace  ( see  Figures  1 and 2 ) .  
Focusing occurs when c i s  p o s i t i v e ,  t h a t  i s  i n c r e a s i n g  towards the cen te r  of 
cu rva tu re .  Defocusing occurs  when c i s  nega t ive .  Analyzing the computer 
t r a j e c t o r i e s  f o r  mass 4 shows t h a t  c f o r  mass 4 i s  n e g a t i v e ,  defocusing. A 
d e r i v a t i o n  of t h e  a n g l e  of d e f l e c t i o n  i n  z-axis  focusing follows: 
The f o r c e  a c t i n g  on a n  i o n  ( s e e  F igu re  1) i n  a magnetic f i e l d  can be expressed 
i n  terms of fo rce  components. 
; e (VxBZ - VZBy) = -y  
e - V B ) =  2 Lm ("xBy y x 
Bx = 0 
t h e r e f o r e ,  .. z = V B ( z )  
X Y  
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FIGURE 1 
Z-Axi s Focus i ng 
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FIGURE 3 
Ampere's C i r c u i t a l  Law Diagram 
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t he re fo re  , 
O =  f B dy + BZ 1 d z  + h - d y  + o ~ d z  
I Y 00 2 
0 0 
]Bydy = BZZ 
00 
Using s o l u t i o n  f o r  
and ob ta in  
00 
. e  
z = - t a n  t Bz rn 
The angle  of d e l f e c t i o n  i s  given by z /v  
0 
reBz v = -  
0 rn 
t h e r e f o r e  , z t a n  € r a =  
where z i s  t..e h a l f  he igh t  of t he  beam e n t e r i n g  the  fi .eld anL r i s  r ad ius  of 
t H e  ion .  For a length  path of c i n  the  f i e l d  a change i n  z of 
cz  t a n  € 
r c s i n  a f c a  = 
i s  obtained.  
O f  course there  i s  a s i m i l a r  d e f l e c t i o n  of t h e  beam when i t  e x i t s  t h e  f i e l d .  
But mass 4 i s  c o l l e c t e d  in s ide  the f i e l d  and cons ide ra t ion  of the  e x i t  defo- 
cusing i s  not  needed (see  Figure 4 ) .  
Next eva lua te  a and a c  
r = 1.08 cm, c = ( .75)(2.54)cm 
€ 2 8"-15", c = 1.93  c m  
( f  i s  d e t e r m i n e d  from p l o t s  of  computer d a t a )  
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f o r  Q = 8" 
f o r  t = 15" 
~ O P  c = 8" 
€or  t = 15" 
Lc = 0.014 cm 
QC = 0.0376 cm 
The mass 4 c o l l e c t o r  i s  1.93 cm from the magnet boundary and has a h a l f  he igh t  
of 1.35 cm i n  the z d i r e c t i o n .  
t i o n  of the worst case shown i n  Figure 4 the  e f f e c t s  of t he  e l e c t r o d e  and 
f r i n g e  f i e l d  a r e  found. Figure 4 shows the  focusing e f f e c t s  of t he  l ens .  
Noting t h a t  the worst  ca se  i s  about ,035 cm from t h e  s a f e t y  margin l i n e  and 
Ebout .05 cm from the end of the c o l l e c t o r ,  Therefore z-axis  defocusing does 
no t  cause l o s s  of i on ,  a t  l e a s t  w i t h i n  accuracy of t he  d e r i v a t i o n  and measure- 
ment of (, 
By merely adding the  a c  value t o  the de f l ec -  
ANALYZER TEST AT PERKIN-ELMER AEROSPACE SYSTEMS 
- General. - Afte r  performing the modif icat ions discussed i n  the In t roduc t ion  
the instrument was f i r s t  t e s t ed  using bench e l e c t r o n i c s  and a l abora to ry  vac- 
uum system. Test ing began on September 10,  1968 and followed a bas i c  o u t l i n e  
c o n s i s t i n g  of f i lament  cond i t ion ing ,  i on  source tuneup, anaiyzer  tuneup, c a p i l -  
l a r y  t e s t ,  and da ta  eva lua t ion .  The next  phase of the t e s t i n g  was performed 
on the end item vacuum system wi th  f u l l y  in t eg ra t ed  e l e c t r o n i c s  and c a p i l l a r y  
i n l e t  system. The following paragraphs desc r ibe  the da t a  which was acquired 
during t h i s  t e s t i n g .  
- Filament condi t ioning.  - Since p a r t  of the modif icat ion involved changing the 
f i lament  ma te r i a l  from 75% tungsten 25% rhenium t o  97% tungsten 3% rhenium f o r  
extended filament: l i f e .  The new f i laments  were slowly brought up t o  the oper- 
a t i n g  l e v e l  over a period of one h a l f  hour each. This served t o  g r a d u a l l y  
outgas the f i lament  and r e l i e v e  any s t r e s s e s  incurred i n  the f a b r i c a t i o n  proc- 
e s s e s .  This was done with the l abora to ry  e l e c t r o n i c s  i n  a mode where a l l  emit- 
ted e l e c t r o n  cu r ren t  was c o l l e c t e d  on ad jacen t  su r faces  a s  opposed t o  the oper- 
a t i o n a l  mode where the emission i s  suppressed by the f i lament  s h i e l d  being 
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being negat ive t o  t h e  f i l amen t  b i a s .  Both f i l amen t s  were found t o  have nominal 
c h a r a c t e r  is  t i c s  , 
Ion source tuneup. - Since t h i s  analyzer  had been f u l l y  o p e r a t i o n a l  a s  a Two 
Gas Sensor System p r i o r  t o  mod i f i ca t ion ,  t he  p rev ious ly  used vo l t ages  were used 
f o r  t he  i n i t i a l  t un ing  v o l t a g e s .  Ion  source tuneup was accomplished qu ick ly  
and without  d i f f i c u l t y .  A l l  source parameters were w e l l  w i t h i n  t h e  nominal 
l i m i t s .  
Analyzer tuneup. - Tuneup of t h e  instrument e n t a i l e d  magnet p o s i t i o n i n g ,  peak  
al ignment ,  s e n s i t i v i t y  measurement, c r o s s t a l k  measurement, Z-axis focus l e n s  
tuning,  i on  focus l e n s  tun ing ,  and with the  a d d i t i o n  of the m / e  4 c o l l e c t o r ,  
source mass d i s c r i m i n a t i o n  e v a l u a t i o n ,  
Re fe r r ing  t o  the d a t a  p l o t s  and graphs included i n  t h i s  s e c t i o n  t h e  ion s'ource 
was i n i t i a l l y  tuned f o r  maximum s e n s i t i v i t y  of m / e  28 wi th  a n  a r b i t r a r y  magnet 
p o s i t i o n  s e t t i n g .  A l l  peaks were then scanned t o  determine i n  a prel iminary 
manner the  peak shape,  r e s o l u t i o n  and c o l l e c t o r  alignment wi th  r e s p e c t  t o  a 
given a c c e l e r a t i n g  p o t e n t i a l .  I n i t i a l l y  ana lyze r  performance was q u i t e  poor, 
i n d i c a t i n g  the magnet p o s i t i o n  was f a r  from the  d e s i r e d  ope ra t ing  po in t .  
Numerous magnet p o s i t i o n i n g  i t e r a t i o n s  were performed and good performance 
w a s  achieved. The p o s i t i o n  of t he  magnet was then  f ixed  and a l i n e  sc r ibed  
around the magnet po le  f a c e  on t h e  ana lyze r  envelope f o r  l o c a t i o n .  It was 
found t h a t  a d d i t i o n a l  c o l l e c t o r  mechanical p o s i t i o n i n g  was unnecessary and a l l  
m/e peaks were w e l l  centered about  an  a c c e l e r a t o r  p o t e n t i a l  of 161.1 v o l t s .  
The computer a n a l y s i s  descr ibed i n  the I n t r o d u c t i o n  can probably be the major 
s i n g l e  c o n t r i b u t o r  t o  t h i s  accuracy.  Figure 5 i s  an ove r l ay  scan p l o t  of t h e  
alignment and a l s o  shows e x c e l l e n t  peak shape and peak r e s o l u t i o n .  A t  t h i s  
t i m e  some of the peaks d id  have s lop ing  tops ,  however, t h i s  was l a t e r  cor- 
r e c t e d  by Ion focus l e n s  v o l t a g e  adjustments .  
Another a s p e c t  of t h e  ion  source  tuneup which was done be fo re  many of t he  
o the r  t e s t s  but formally documented l a t e  i n  the  program, was t h a t  of Z-axis 
l e n s  v o l t a g e  adjustment .  This  l e n s  c o n t r o l s  t he  Z-axis beam divergence and 
wi th  proper adjustment should maintain the beam width w i t h i n  the  width of the 
c o l l e c t o r  s l i t s .  Tes t ing  demonstrated t h i s  t o  be t h e  case  s i n c e  a s  the l e n s  
p o t e n t i a l  i s  increased t h e  m/e 4 and 28 ou tpu t s  i nc reased  and then f l a t t e n e d  
ou t  above approximately 150 v o l t s .  
A f t e r  a l l  source l e n s  vo l t age  adjustments  were made the  ana lyze r  b a s i c  s e n s i -  
t i v i t y  tes ts  were done f o r  those gases whic.h could g ive  meaningful d a t a .  That 
i s ,  no s e n s i t i v i t y  check was made f o r  e i t h e r  O2 o r  C 0 2  s i n c e  O2 i s  very re- 
a c t i v e  and C02 was not immediately a v a i l a b l e .  Basic s e n s i t i v i t y  measurements 
were made by l e t t i n g  the  sample gases i n t o  the vacuum system without  the 
source being d i f f e r e n t i a l l y  pumped. The end i t e m  vacuum system suppl ied w i t h  
the ana lyze r  i s  no t  equipped with a v a r i a b l e  l eak  va lve  s i n c e  t h i s  type of 
t es t  was only necessary f o r  i n i t i a l  analyzer  e v a l u a t i o n .  It was found t h a t  
t h e  b a s i c  s e n s i t i v i t y  f o r  the fol lowing gases were: 
-7 H e l i u m  - 1.8  x 10 amps/torr a t  
9 
hP 
M/ E 
40 
A-257C 
FIGURE 5 .  
C o l l e c t o r  Al ignment A f t e r  IF Tuning (m/e 4 )  
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- 6  Nitrogen - 1.0 x 10 amps/ torr  a t  15 PA 1- anode 
-6  Argon . 1.35 x '10 amps/torr a t  15 PA I- anode 
This information i s  a l s o  h e l p f u l  i n  determining the Ion source p re s su re  with 
d i f f e r e n t i a l  pumping. The output  i n  v o l t s  a s  read on the meter panel can be 
11 
e a s i l y  converted back t o  c u r r e n t  by; I+ = where R i s  t h e  a m p l i f i e r  
feedback r e s i s t o r  the va lues  of which a r e :  
f b  ' Rfb  
H e  - 5 x 1011 ohms 
12 
11 
H20 - 1 x 10 ohms 
N2 - 1 x 10 ohms 
O2 - 2 x lo1' ohms 
A - 1 x LO ohms 12 
C02 - 5 x 10" ohms 
It was then d e s i r a b l e  t o  check the e f f e c t s  of the magnetic f r i n g e  f i e l d s  upon 
t h e  source s i n c e  the  analyzer  now included m/e 4 which i s  e a s i l y  a f f e c t e d  by 
f i e l d s  of low i n t e n s i t y .  This was accomplished i n  two ways and was done f o r  
both e l e c t r o n  guns cons ide r ing  t h e  d i f f e r e n c e  i n  o r i e n t a t i o n .  The f i r s t  method 
of e v a l u a t i o n  was t o  compare t h e  ion focus l e n s  vo l t ages  r equ i r ed  f o r  maximum 
ou tpu t  f o r  m / e  4 and 28. While some d i f f e r e n c e s  were seen i t  was of n e g l i g i b l e  
magnitude. The second method t o  confirm t h i s  was t o  a d j u s t  t he  anode poten- 
t i a l s  of both guns t o  d e f l e c t  the e l e c t r o n  beam and thus  move t h e  ion iz ing  
r eg ion .  I f  mass d i s c r i m i n a t i o n  were occurr ing the peak ion  c u r r e n t  f o r  m/e 4 
and 28 would have been a t  d i f f e r e n t  v o l t a g e s .  Again only minor a f f e c t s  could 
be seen.  
C r o s s t a l k  measurements on the m/e 32 and m/e 44 c o l l e c t o r s  w i th  n i t rogen  and 
argon samples revealed no s i g n i f i c a n t  l e v e l s .  The a n a l y s i s  was made by run- 
n ing  t h e  ana lyze r  a t  two p res su re  l e v e l s  and examining t h e  m / e  32 and 44 peak 
tops f o r  s l o p e  changes. 
Upon completion of t h i s  t e s t i n g  phase t.he instrument was i n t e g r a t e d  with i t s  
e l e c t r o n i c s ,  c a p i l l a r y  and bypass l i n e s  and placed on t h e  end i tem vacuum 
system. The e l e c t r o n i c s  were checked out and performed s a t i s f a c t o r i l y .  The 
emission r e g u l a t o r  was found t o  r e g u l a t e  t o  +0.15% through the f u l l  range of 
source p re s su res  wi th  a pure oxygen sample. The use of oxygen h e r e  r e p r e s e n t s  
an  extreme case  s i n c e  t h e  f i lament  worlc func t ion  changes and thus d r i v e  r equ i r e -  
ments vary widely.  
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Output l i n e a r i t y  versus  pressure runs were then made with the va r ious  c a p i l l a r y  
sampling systems. These tests were f i r s t  done us ing  pure n i t rogen  samples  and 
the r e s u l t s  i nd ica t ed  good l i n e a r i t y  over the design pressure ranges a s  may be 
seen i n  Figures  6, 7 and 8. O u t p u t  l i n e a r i t y  versus  pressure t e s t i n g  with a 
pure helium sample was not  conclusive due t o  the pumping d i f f i c u l t y  incurred 
with t h i s  gas. 
The l a s t  t e s t  was t h a t  ,of m/e 28 'output l i n e a r i t y  versus  pressure using the 
standard mix. L i n e a r i t y  here  was e x c e l l e n t  a s  may be seen i n  Figure 9. The 
c a p i l l a r y  conf igu ra t ions  f o r  t he  var ious sample p re s su res  a r e  a s  follows: 
200 Torr - Short  C a p i l l a r y ,  Short  Bypass 
400 Torr - Medium Length C a p i l l a r y ,  Long Bypass 
800 Torr - Long C a p i l l a r y ,  Short  Bypass 
GENERAL INFORMATION AND OPERATING PROCEDURE 
General. - This instrument i s  a modified Two Gas Atmosphere Sensor System (see 
Figure 10) .  The p r i n c i p a l  modif icat ions are:  
a .  
b. 
C .  
d .  
The f i lament  ma te r i a l  has been changed t o  3 MIL diameter 97%W - 
3% Rh f o r  longer f i lament  l i f e .  
Three c a p i l l a r y  l i n e s  have been supplied f o r  sampling a t  p re s su res  
of 200, 400 and 800 t o r r .  These l i n e s  must  be used with the  proper 
bypass l i n e s ,  t h a t  i s  the re  a r e  two d i f f e r e n t  bypass l i n e  lenghts .  
The s h o r t  l i n e  i s  f o r  use with the 200 and 800 t o r r  c a p i l l a r i e s  and 
the long b y p a s s ' l i n e  i s  f o r  use with the 400 t o r r  c a p i l l a r y  l i n e .  
The instrument i s  housed i n  a s p e c i a l l y  designed package which com- 
bines  s e r v i c e a b i l i t y  with an approximation of the s p a c e c r a f t  hard- 
ware conf igu ra t ion .  
A modified c o l l e c t o r  assembly i s  employed t o  enable the continuous 
monitoring of m/e 4 ,  18,  28, 32, 40 and 44. This required the ad- 
d i t i o n  of two c o l l e c t o r s  and a m p l i f i e r s  for  m/e 4 and m/e 40. 
The instrument i n  i t s  present  form w i l l  funct ion s a t i s f a c t o r i l y  i n  a normal 
l abora to ry  environment. However, the e l e c t r o n i c s  have not been compensated 
over temperature extremes and t h e r e f o r e  they should be maintained a t  a s  con- 
s t a n t  a temperature a s  poss ib l e .  
The instrument has  been shipped i n  a f u l l y  assembled condi t ion.  Information 
has  been provided f o r  disassembly and assembly cjf the system should t h i s  be 
necessary.  
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Output  L i n e a r ;  t y  Versus P r e s s u r e  
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Output L i n e a r i t y  Versus P r e s s u r e  
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FIGURE 9 
Output Linearity Versus P r e s s u r e  Using  S t a n d a r d  M i x  
FIGURE 10 
Mass Spectrometer Atmospheric Analyzer 
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The vacuum system i s  equipped wi th  an Ultek D . I .  Pump f o r  extended pumping 
per iods  where noble gases  a r e  major c o n s t i t u e n t s .  
f o r  pumping on the c a p i l l a r y  bypass l i n e  wi th  e i t h e r  a cryosorb pump o r  a rough 
pump and i n  the  case  of use wi th  t h e  rough pump a molecular s i e v e  t r a p  has  been 
provided t o  minimize o i l  backstreaming i n t o  the  bypass l i n e .  
The system i s  a l s o  arranged 
CAUTION 
Do not  a t tempt  t o  pump noble  gases  using the  cyrosorb pump 
as i t  w i l l  no t  pump these  gases .  
ANALYZER 
-- Power. - The system opera tes  from 28 +1/2 Vdc and r equ i r e s  approximately 3 . 8  
wat t s  of power. 
Outputs. - There a r e  s i x  outputs  , one f o r  each channel (He, H 2 0 ,  N 2 ,  O2 , A and 
CO ) which range from ze ro  t o  -8 v o l t s .  (See Figure 11, Output Monitor and 
C a l i b r a t i o n  Assembly.) 
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E l e c t r i c a l  output  connect ions.  - A s i x  foo t  cab le  has  been provided f o r  making 
connect ion t o  t h e  output  monitoring and c a l i b r a t i o n  assembly. 
Vacuum. - The primary vacuum is appl ied  through a 2-3/4" diameter Varian Con- 
f l a t  f lange .  A pumping speed  of a t  l e a s t  4 l i t e r s / s e c  i s  requi red  a t  t h a t  
po in t .  Any h igher  va lue  of pumping s p e e d  w i l l  be b e n e f i c i a l  s i n c e  i t  w i l l  
reduce t h e  pressure  i n  the reg ion  of t he  f i lament  and prolong f i lament  l i f e .  
C a p i l l a r y  l i n e .  - The i n l e t  end of t he  c a p i l l a r y  l i n e s  are f i t t e d  wi th  a 
s t a i n l e s s  s t ee l  tube which can be mated t o  a l /4"  Swagelok f i t t i n g .  There i s  
a Mil l ipo re  f i l t e r  i n s i d e  of t he  end piece t o  p r o t e c t  t h e  c a p i l l a r y  l i n e .  Care 
should be taken i n  handl ing the  end of t he  c a p i l l a r y  t o  insure  t h a t  i t  does not: 
come i n t o  con tac t  wi th  a s e v e r l y  contaminated sample. 
Bypass l i n e .  - The end of t he  bypass l i n e s  must be pumped on when a sample i s  
flowing i n  the  c a p i l l a r y  l i n e .  Due t o  adjustments  which have been made i n  the  
i n l e t  system the  manifold pressure  i n  somewhat dependent upon the  pumping speed 
a t  t h e  end of t he  bypass l i n e .  
- Mechanical suppor t .  - The instrument  wi th  i t s  e l e c t r o n i c s  may be supported 
from the  Varian f l ange ,  however, f o r  improved mechanical r i g i d i t y  an  add i t iona l  
a d j u s t a b l e  support  has  been provided ( L i t t l e  Jack).  
Monitors.  - A panel wi th  s i x  meters f o r  t h e  simultaneous monitoring of helium, 
wa te r ,  n i t rogen ,  oxygen, argon and carbon dioxide outputs  i s  loca ted  on the 
c a l i b r a t i o n  system cabine t .  
f u l l  s c a l e  measurements of 0 .3 ,  1, 3 and 10 v o l t s .  An output  connector and 
Each meter has  a s epa ra t e  s e n s i t i v i t y  swi tch  f o r  
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FIGURE 11 
Output Monitor and C a l i b r a t i o n  Assembly 
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cab1.e has  been provided f o r  e x t e r n a l  s i g n a l  processing of each channel and i s  
a c c e s s i b l e  through the  r e a r  door of the  cabine t .  Add i t iona l ly ,  a s e l e c t a b l e  
output  i s  loca ted  on t h e  f r o n t  panel f o r  s i n g l e  channel observat ion wi th  a 
recorder .  . 
C a l i b r a t i o n  i n l e t  system. - The c a l i b r a t i o n  system i s  a gas sampling u n i t  f o r  
applying f ixed  pressures  of known gas samples t o  the  i n l e t  of the  c a p i l l a r y  
l i n e .  A flow schematic i s  provided on the f r o n t  panel.  Add i t iona l ly ,  a high 
pressure  b o t t l e  of s tandard gas mixture  i s  mounted i n s i d e  of t h i s  cab ine t .  
This  s tandard sample i s  composed o f :  
He - 10% 
N* - 67% 
o2 - 20% 
A - 1% 
co2 - 2% 
ahd must be used f o r  the  c a l i b r a t i o n  of  the  ana lyzer .  
ADJUSTMENTS, MONITORS AND CALIBRATION SYSTEM 
The follow.ing adjustments  a r e  descr ibed which may be requi red  dur ing  normal 
opera t ion .  There a r e  o the r  po ten t iomet r ic  adjustments  which a r e  on the var ious  
c i r c u i t  boards which should no t  r e q u i r e  adjustment.  I f  d i f f i c u l t i e s  a r i se  
which n e c e s s i t a t e  t h i s  type of adjustment Perkin-Elmer w i l l  provide the  neces- 
s a r y  information and d i r e c t i o n  a t  such t i m e  a s  i t  i s  requi red .  
Filament switch.  - On t h e  f r o n t  o f  the  chass i s  t h e r e  i s  a f i lament  s e l e c t i o n  
toggle  switch marked FILAMENT 1 and 2 .  When switching f i laments  it i s  recom- 
mended t h a t  the  emission a d j u s t  potentiometer be turned down. 
Emission a d j u s t .  . This  potent iometer ,  loca ted  on the  f r o n t  of the  c h a s s i s ,  
con t ro l s  t he  l e v e l  of the ion iz ing  cu r ren t  , t h a t  i s  , t h a t  c u r r e n t  reaching the  
anode of  the ion  source.  When i n  a f u l l  CCW p o s i t i o n ,  t he re  w i l l  be no measur- 
a b l e  emission cu r ren t  but t h e  f i lament  w i l l  be on a t  a LOW l e v e l .  When turn ing  
up the  emission i t  should be turned slowly i n  a CW d i r e c t i o n  u n t i l  t he  emission 
cu r ren t  comes up (about 0350 - 0400 on the  d i a l ) .  Once the  emission r egu la to r  
i s  opera t ing  l e s s  cau t ion  i s  required i n  turn ing  the potent iometer .  I f  the  
potent iometer  i s  turned up too f a r  t he  emission w i l l  increase  u n t i l  the  e m i s -  
s i o n  r egu la to r  runs ou t  of d r ive .  It i s  not  possib1.e t o  burn out  t h e  f i lament  
by improper adjustment of the potent iometer .  The potemtiometer w i l l  be i n  the 
zero  p o s i t i o n  when the  instrument i s  rece ived .  
Zero check. - There i s  a toggle  switch loca ted  on the  f r o n t  of  the  c h a s s i s  used 
t o  d e f l e c t  the  ion beam i n  order  t o  check the zero  l e v e l s  o f  t he  d e t e c t o r s .  
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INITIAL OPERATION AND TUNEUP 
a .  
b. 
C .  
d .  
e .  
f .  
g. 
h .  
S t a r t  the roughing pumps on both the c a l i b r a t i o n  and vacuum systems 
and t u r n  on t h e  thermocouple gauge ( s e e  F igu re  1 2 ) .  
NOTE 
Because t h e r e  i s  an  automatic ven t  va lve  on the main vacuum 
system which a c t i v a t e s  upon t h e  removal of main power, i t  
w i l l  always be necessary t o  rough t h e  t r a p ,  vac-sorb pump 
and lower plumbing from atmospheric p r e s s u r e  upon e i t h e r  
i n i t i a l  pump down o r  a f t e r  subsequent per iods where the main 
power has  been removed. 
Open the v a l v e  on the  upper plumbing which i s o l a t e s  t he  roughing 
system and mass spectrometer and open t h e  bypass l i n e  va lve  on the  
back panel  of t he  mass spectrometer .  Make c e r t a i n  the  c a p i l l a r y  
l i n e  va lve  i s  closed.  Rough out  t he  vac-sorb pump, t r a p ,  c a p i l l a r y  
bypass l i n e  and mass spectrometer  t o  a t  l e a s t  f i v e  microns. 
NOTE 
I n  order  t o  achieve a f i v e  micron roughing p res su re  i t  may 
be necessary t o  bake out  t h e  vac-sorb pump and t r a p .  This 
i s  done by c l o s i n g  the valve.  on the upper plumbing which 
i s o l a t e s  t h e  mass spectrometer from t h e  roughing system and 
t h e  bypass i s o l a t i o n  va lve .  It i s  assumed h e r e  t h a t  t h e  ion  
pump h a s  remained sealed and a t  a low p res su re .  I f  t h i s  i s  
not  t h e  c a s e  i t  w i l l  a l s o  be necessary t o  rough out  t h e  ion  
Pump * 
A f t e r  reaching a system p res su re  o f  f i v e  microns o r  less ,  c l o s e  the 
va lve  on the  upper plumbing which i s o l a t e s  t h e  roughing system from 
t h e  mass spectrometer .  
Before s t a r t i n g  the ion  pump s e t  t he  power u n i t  RANGE SELECTOR 
switch a t  5 kv and the START-RUN switch t o  START. 
Turn on t h e  ion  pump power u n i t ,  a t  t h i s  t ime,  the vo l t age  w i l l  be 
about 300-500 v o l t s  and c u r r e n t  approximately f u l l  s c a l e ,  150 mA. 
Within a few moments, t he  pump w i l l  s t a r t .  This i s  ind ica t ed  by a 
r ise  i n  v o l t a g e ,  t o  above 2000 v o l t s  and a decrease i n  c u r r e n t .  
A f t e r  t he  pump has s t a r t e d ,  s e t  t he  RANGE SELECTOR switch a t  one of 
the c u r r e n t  p o s i t i o n s  and the START-RUN switch t o  RUN. The vo l t age  
w i l l  r i s e  t o  4750 v o l t s  and remain c o n s t a n t .  
From t h i s  p o i n t ,  the  pump w i l l  cont inue t o  pump the  system down 
without  f u r t h e r  a t t e n t i o n .  I f  the  power u n i t  i s  l e f t  unat tended,  
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set  the  RANGE SELECTOR a t  5 kv o r  200 ma so  t h a t  t he  meter w i l l  not  
be damaged by reading more than f u l l  s c a l e  f o r  an  extended period 
i f  a p re s su re  r i s e  should occur.  
Open the ion  pump i s o l a t i o n  va lve .  The system p res su re  should reduce 
t o  1 x l o m 6  t o r r  w i t h i n  a few minutes.  
S e t  t h e  emission c o n t r o l ,  on the. f r o n t  panel of t he  mass spectrometer ,  
t o  ze ro .  
- 6  Check the ion  pump p res su re  on the  log s c a l e .  
t o r r  o r  lower. 
This  should be 1 x 10 
The 28 v o l t  power supply,  which s u p p l i e s  power t o  the  ana lyze r ,  . is  
equipped wi th  a power f a i l u r e  p r o t e c t i o n  device which must be r e s e t  
each t i m e  a f t e r  t h e  system power i s  removed, This  r e s e t  i s  a red 
push bu t ton  on t h e  r e a r  apron of t he  read out  c h a s s i s  and i s  acces-  
s i b l e  through the r e a r  door on the  C a l i b r a t i o n  assembly. P r i o r  t o  
tu rn ing  on t h e  28 v o l t  power push t h e  reset bu t ton .  This  device i s  
included t o  avoid accidental .  burn out  of t he  f i l amen t s  i n  the analy- 
ze r  should t h e r e  be a power f a i l u r e .  
Turn on the  28 v o l t  power. 
S e l e c t  t he  f i l amen t  d e s i r e d  and slowly ra ise  t h e  emission c o n t r o l  
u n t i l  anode c u r r e n t  can be seen on the meter. (Emission w i l l  be 
seen on t h e  anode meter between 0350 and 0400 s e t t i n g s  of t he  KNOBPOT.) 
Se t  t he  emission l e v e l  t o  about 10 microamperes. 
Allow 30 minutes f o r  t h e  instrument t o  become s t a b l e  be fo re  
c a l i b r a t i o n .  
Regulation of the anode c u r r e n t  may be checked i n  two ways. F i r s t ,  
the  input  power should be v a r i a b l e  from 27.5 t o  28.5 v o l t s ,  using 
the  SENSOR DC VOLTS s e l e c t o r  swi.tch, w i th  no change i n  anode c u r r e n t .  
A l s o  when t h e  c a p i l l a r y  is  sensing an  oxygen r i c h  atmosphere, the 
anode. c u r r e n t  w i l l  no t  remain the same a s  it was a t  background un- 
l e s s  i t  i s  being p rope r ly  r egu la t ed .  
Test  d a t a  has  been appended which g ives  t h e  ope ra t ing  p res su res  and 
output  v o l t a g e s  a t  our f i n a l  t e s t .  Comparison,s can be made with 
these measurements. 
A s e t . o f  i on  source vo l t ages  have a € s o  been included (see Table 1) .  
These need no t  be checked un le s s  i n c o r r e c t  o p e r a t i o n  i s  noted or  
suspected.  
A sample gas can now be admitted t o  the d e s i r e d  sample p re s su re .  
i s  assumed t h a t  t h e  sample p re s su re  w i l l  no t  exceed the ope ra t ing  
l e v e l  p re sc r ibed  f o r  the va r ious  cap i l l a ry -bypass  combinations. 
It 
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TABLE 1 
ION SOURCE VOLTAGES~ 
SOURCE SOURCE SOURCE 
MEASUREMENT VOLTAGES MEASUREMENT VOLTAGES MEASUREMENT VOLTAGES 
P 101 P 102 P 103 
F i l .  -2 -I--- E.A.-2 265.6 F.S.-1 56.5 
P i l .  -2 _--I- E.F. 2B 65.1 E.F.-IB 90.3 
Z-Axis B 176.7 E.F. 2A 56.7 E.F.-1A 69.9 
OPEN ----- AN- 1 181.5 S l i t  P l a t e  0 
OPEN ----- ACC. Lens 161.1 1.F.-A 154.0 . b  ' 
2 -Axis-A 176.7 I. F. -B 0 AN-2 181.5 
Fi1.-1 ----- F.S.-2 56.5 REP. 172.0 
OPEN ----- M. S. -GND OPEN -"--- - 
a Filament Reference: 67.8 v o l t s .  
Filament Material: .003" d i a . ,  97% tungsten, 3% rhenium wire. 
Measuring Instrument Used: Fluke, D i f f e r e n t i a l  vo l tme te r ,  model 803B. 
A l l  measurements r e l a t i v e  t o  ground and entered on m / e  28 peak with Magnet 
Flux Level of 4.15 Kg 'as measured on B e l l ,  model 240 Gaussmeter. 
u. The anode c u r r e n t  can then be adjusted t o  ob ta in  t h e  des i r ed  output  
l e v e l s .  The anode c u r r e n t  should not  be s e t  i n  excess  o f  f u l l  s c a l e  
(15 microamper,es) , however, damage should not  be incurred i f  t h i s  
occurs momentarily. A l l  four  outputs  should move p ropor t iona l ly .  
The d e t e c t o r s  have a maximum output  of approximately -8 v o l t s .  
f o r e ,  f o r  the  maximum system ga in  t h e  N2 output  should be s e t  near 9 
v o l t s  a t  t h e  maximum expected N2 p a r t i a l  pressure.  A comparison 
should be made a t  t he  10 FA anode c u r r e n t  l e v e l  t o  s ee  t h a t  approxi- 
mately the  same v o l t / t o r r  r e l a t i o n s h i p  i s  obtained a s  is  given i n  
the t e s t  d a t a .  
There- 
v .  To ca l i .b ra te  t he  system, i n s e r t  a sample p re s su re  (Std.  Mix) compati- 
b l e  t o  the  p a r t i c u l a r  c a p i l l a r y ,  bypass combination and compute the 
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s e n s i t i v i t y  by: 
(Std.  Mix) 
(Samgle P res su re )  x (Const i tuent  P e r c e n t a p J ,  
Cons t i t uen t  O u t p u t  Voltage S e n s i t i v i t y  = - (Tor r / Vo 1 t ) 
C a l i b r a t i o n  frequency i s  a t  t h e  d i s c r e t i o n  of t h e  ope ra to r .  
i t  must be r e a l i z e d  t h a t  due t o  the  long t i m e  cons t an t  involved wi th  
water some t i m e  i s  r equ i r ed  f o r  the system t o  e q u a l i z e  a f t e r  each 
c a l i b r a t i o n .  
Eowever, 
